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FRACTURE MECHANICS AND SERVICE LIFE PREDICTION RESEARCH

Dr. C. T. Liu
AFRL/PRSM, 10 E. Saturn Bivd.
Edwards AFB CA 93524-7680
Tel. No. 661-275-5642; Fax No. 661-275-5435
E-mail Address chi.liu@edwards.af.mil

Narrative Description of the program:

The goal of this program is to develop a basis for developing advanced crack growth and service
life prediction technologies for predicting the service life of solid rocket motors. The objectives of
this program are to (1) gain a fundamental understanding of fracture and crack growth behavior in
solid rocket motors; (2) investigate the effects of damage, material nonlinearity, pressure, and
loading rate on crack growth behavior in a solid propellant; (3) simulate crack growth behavior and
gain insight for improving crack growth resistance in solid propellants; and (4) determine the strain
rate effect on the constitutive and fracture behavior of bi-material bond systems. The main issues in
service life prediction of solid rocket motors are the lack of a fundamental understanding of crack
growth behavior under service loading conditions and a reliable methodology to predict crack
growth. The main technical challenges are microstructural effects on damage initiation and
evolution, large and time dependent deformation, short crack and stress raiser interaction, and
multi-layer structures with time-dependent material properties and property gradients. The
program’s basic approach involves a blend of analytical and experimental studies. In general,
mechanisms and mechanics involved in cohesive fracture in a solid propellant and adhesive fracture
in bond systems are emphasized. In this program, nonlinear viscoelasticity, fracture mechanics,
experimental mechanics, damage mechanics, nondestructive testing and evaluation, and numerical
modeling techniques will be used.

These research studies address a number of important subjects such as cumulative damage and
crack growth behavior in solid propellants, statistical nature of crack growth, and bonded interface
failure. The results of these studies have the potential of becoming some of the most significant
contributions to the rocket industry and research community.

Detailed Technical Approach for the Current Fiscal Year:

In FY 02 there are four major tasks: Task 1- investigating the effects of pressure, strain rate, and
damage on short crack growth behavior in a solid propellant, Task 2 — developing a failure
envelope to predict the critical stress for the onset of growth of short cracks, Task 3 — investigating
the three-dimensional effect on crack growth behavior, and Task 4 - determining the strain rate
effects on the constitutive behavior as well as on the local damage and deformation in bi-material,
propellant/liner/propellant, bond systems. '

Task 1: Investigating the Effects of Pressure, Strain Rate, and Damage on Crack growth
Behavior in a Solid Propellant




In Task 1, in order to investigate the damage state in a solid propellant under multi-axial loading
conditions, a series of tests were conducted on uniaxial specimens without cracks. Prior to
conducting the test, the specimen was put in a loading fixture situated inside a pressure chamber.
When the pressure inside the pressure chamber reached 1000 psi, the specimen was strained at a
strain rate of 0.072 in/in/min. When the applied strain reached 10%, the specimen was unloaded to
zero load, and then, it was reloaded with and without 1000 psi confining pressure until fracture
occurred. Typical plots of the stress-strain curves are shown in Figs. 1 and 2. From Fig. 1, it is seen
that the slope of the reloading stress-strain curve is smaller than that of the initial stress-strain curve.
In other words, the Young’s modulus of the material is decreased after the specimen was subjected
to a 10% pre-strain, indicating damage developed in the material when the specimen was strained to
10% under 1000 psi confining pressure. A comparison between Fig. 1 and Fig. 2 reveals that the
slopes of the reloading stress-strain curves are close to each other, indicating that the magnitude of
the confining pressure has no significant effect on the Young’s modulus of the material when the
specimen was damaged by the 10% pre-strain under 1000 psi confining pressure. However, the
reloading curves show that the maximum stresses under different confining pressures are
significantly different. This phenomenon is believed to be related to the different damage initiation
and evolution processes that occur during reloading under the ambient and the 1000 psi confining
pressures conditions. At 1000 psi confining pressure, the damage initiation and evolution processes
are suppressed, resulting in a slow crack growth, which leads to an increase in material strength.

It is known that the damage state is closely related to the stress state in the material. In order to
obtain a fundamental understanding of the damage initiation and evolution processes, the stress
states near the filler particles were determined by using a three-dimensional numerical modeling
technique. In the analysis, a unit-cell approach was used. In one case, the unit-cell contained two
particles, whereas, in the other case, the unit-cell contained four particles. The results of the
numerical analysis reveal that, under ambient and 1000 psi confining pressures, high triaxial tensile
stress states were developed, near the particle surfaces, between the particles. However, the stress
states surrounding the triaxial tensile stress location are different for the two different confining
pressure conditions. For the ambient confining pressure condition, tensile stresses fields surround
the high triaxial tension location. However, for the 1000 psi confining pressure condition,
compressive stresses fields surround the high triaxial tension location. The different stress states
under the different confining pressure conditions is responsible for the different damage initiation
and evolution processes in the material. '

Task 2: Crack Instability and Growth Models
Sub-Task 1: Instability Criteria for Short Crack Growth

In this task, the instability criteria for the onset of growth of short cracks are developed. Based on
last year’s study, we found that for short cracks, defined as having a crack length equal to or less
than 0.1 in., classic fracture mechanics cannot be used to determine the critical condition for the
onset of crack growth. In FY 01, a linear fracture mechanics solution was modified to predict the
behavior of short cracks. An effective crack length was introduced into the Mode I stress intensity
factor. By using the effective crack length, a reasonably good agreement exists between the fracture
toughnesses for the onset of growth of short and long cracks. In FY 02, a failure envelope, based on




theories of strength of material and fracture mechanics, was developed. The developed failure
envelope can be used to predict the critical stress for the onset of crack growth for short and long
cracks under different strain rate and confining pressure conditions.

Sub-Task2: Determining the Damage Characteristics near the Crack Tip

In FY 02, Lockheed-Martin Research Laboratory’s High-Resolution Digital Real-Time
Radiographic System was used to determine the damage characteristics near the crack tip for
different materials. The experimental results reveal that the critical damage intensity for the onset of
crack growth is insensitive to loading history and material property. The averaged critical damage
intensity for the onset of crack growth for different materials under different loading history is 1724
with a standard deviation of 28. ’

Sub-Task 3: Investigating the Effect of Confining Pressure on the Critical Initial Crack Length in
the Material i

In FY 00, a technique was developed, based on fracture mechanics and probabilistic mechanics, to
predict the critical initial crack size, which is responsible for the fracture of the specimen. In FY 01,
the developed technique was modified to include rate effect. The modified technique can be used to
predict the initial critical crack size at different strain rates with good accuracy. In FY 02, the effect
of multi-axial loading on the critical initial crack size was investigated. The results of the analysis
reveal that the magnitudes of the confining pressure, ambient and 1000 psi, have no significant
effect on the predicted critical initial crack length. A comparison between the previous and the
present studies indicates that the critical initial crack length and the statistical distribution function
are insensitive to specimen’s thickness, strain rate, and loading axiality. Therefore, for the material
investigated, the critical initial crack length can be considered a material property. ‘The
determination of the critical initial crack size and its statistical distribution function will make
statistical and reliability analyses of crack growth feasible.

Task 3: Photoelastic Analysis of Three-Dimensional Effects of Cracking of Motor Grain
Geometries under Internal Pressure loads.

Prior to October 2001, a series of frozen stress experiments involving a combination of internal
pressure and a small axial load were conducted on one tenth scale photoelastic models of a six
finned motor grain, each model containing two cracks in separate fins separated by an uncracked
‘fin. (Fig. 3) In these prior tests, it was determined that i) The maximum stress in the uncracked
models occurred at the confluence of the two tip radii R1.3 and R11 (Fig. 3) This confirmed
analytical data. -ii)) When cracks of equal depth were placed at the above location and also on the
axis of symmetry of a fin, the latter crack always began to grow sooner and further than the former
crack which inevitably contained shear modes until it turned as a Class 2 crack. The symmetric
crack was always a Class 1 crack. :

Figure 4 shows two off axis, inclined cracks initiated at the point of confluence noted above and
normal to the fin surface. In Fig. 4, Model 4 shows the early stages of growth where the crack is
still turning and exhibits both Modes I and II all around the crack front except at the fin surface
where pure mode I exists (as a class 2 crack). In Fig. 4, Model 8-i shows another crack grown from
the same location but much further until only Mode I exists along the crack front. Its turning has




been completed as shown by the path of the midpoint of the crack. It has just become a Class 1
crack. The Model 4 crack was 8.71 mm deep and 22.3 mm wide after growth compared to 12.5
mm and 42.2 mm for Model 8-i. River markings on Model 8-i show the presence of Mode III as
well as Modes I and II during the Class 2 phase of growth. Clearly this crack is not planar.

Due to the above findings, and the inherent difficulty in repeating Class 2 growth paths, it was
decided to introduce the off-axis starter cracks at the point of confluence of the fin tip radii directed
parallel to the fin axis. Four new models, each containing 2 cracks of the above type and located as
in Fig. 3 were prepared in this manner and tested by the frozen stress method. Test results reveal -
that the starter crack quickly grow as a Class I crack with virtually no turning, and a decrease in the
normalized Mode I SIF with increasing crack depth with a 6% maximum scatter which is the
accuracy of the SIF calculations.

Taken collectively, the above studies suggest the following observations: i) Symmetric cracks are
more dangerous than off-axis cracks even though they do not startat the locus of maximum stress
in the uncracked model. ii) Off-axis cracks directed parallel to the fin axis are also dangerous but
less so than the symmetric cracks for they will grow on slightly curved paths and their F; values
decrease with increasing depth. iii) While some of the cracks penetrated the outer wall in the depth
direction, none of the cracks penetrated the length of the cylinder.

These results suggest that the practice of using a through-the-cylinder length crack in design maybe
a substantial over design and suggests a comparison with deep semi-elliptic cracks as an alternative
approach.

Task 4: Deformation and Failure Mechanism of Propellant/Liner/Propellant Bonded
Specimens :

In FY 01, a series of experiments on propellant/liner/propellant bonded specimens were conducted
at 0.01 in/min displacement rate. A computer aided speckle interferometry technique was used to
determine the displacement and strain distributions in the specimen. Two interface debonding
modes, debonding from the center and the corner of the interface of the specimen, were observed.
These debonding modes appeared to be related to the specimen geometry. In addition, the strain
rate in the interphase and liner layers increase with increasing time and are significantly different
from the constant applied strain rate. In FY 02, a series of tests on propellant/liner/propellant
bonded specimens were conducted. At the time of this writing, we are analyzing the test data to
determine the effect of the applied strain rate on the deformation and strain distributions in the
bonded specimen.
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Fig. 3 Photoelastic model.

:Sectign'S - §

EMixed mode growth

S Starter crack ‘
M;xcd modc‘ region. Mxxed mode rcglon
' ' ' m'lgmﬁcatmn factor' 422

Model 4 Oft'-Axn Inclmed Crack Showmg Starter Crack 'md Final Crack Front ‘

5 _S_cctlon §-8°

Ehmmahng Mode 1 Starter criclk

FS = fin surface Ehmmatmg Mode o ‘
C- crack front
ma; nf ation facte .250
D - camera view of the photograph v griticationfactor
Model 8- Off- Axis Inclined Crack Showing Starter Crack

-

and Final Mode l’C’raé-k Front

Fig. 4 Crack growth profiles




Aiojesoqe] ysleesay 92104 A1y
WS¥d |
J99u1bug yoieasay jedioulid

N Lo

2002 1aquiaydasg

HOYVY3IS3Y NOILOIa3¥d
34171 3DIAYTS ANV
SOINVHOIIN IUNLOVYA



(swaysAg yosunen .:< ‘uewdjnui ‘A uell ._.vaﬁm\nw o|ISSIN—
~ isuoneolddyx

Buijopol\l jesdwinN pue sisAjeuy jesnAjeuy—

xwuwo | 9AI3ONIISAPUON puk aA3onIsa(g) suswnddxgz—
:soyoeolddy

UOLId}LID ainjie4 uoljeljiuj
yoern m:om:mmoEo_._ s| |eliaje N ;omo._n_nc. o13sIuIWId}O—

1Y 9y} Jo d)e)Sk

"YIMOID IR JOIpald O} SPOYIoIN dojorsg—

‘wa)sAg puog juejjedoad jiauljioyejnsuj
pue sjuejjadouid pi|oS ul JoiAeYag ainjoedq pue swsiueyosy
| abewe( jo Buipuejsiapun ul Juswaroiduw] ue ule—

: mm>_u_om.30 A

yoseesay :o;o__om.._n_ mu__._
92IAI9G pue SOIUBYIS\ ainjoeld 7.

) »
/ma.:_._ Mmajaas wesbosd Rv
-



"WHNA/THAY fuewaapny o uqg Jabeuey wesbold ) weibold Juswssassy 109ja( |ednud —
- (INYYdMY4Y fuewusspny "9 ~uq 19beuep weiboud ) ABojouyoa] uondIpald aji] ARG —
(NS¥dMY4Y i "1 "D °id ' "d ) Hoddng uewainuiy —
(WS¥d/TYdY N7 "L D 1a-rd ) poddng sajueyos ainjoeld —

:welbold yoseasay paje|dy %
"ajqiseaq ABojopoylo|N SsisAjeuy aouelajo)-}oaja9( e —

‘swiv)sAg puog juejjadoid
[1auljioyensu) pue sjuejjadold pijos yibuasyg ybiH HBuidojaaaq 10j doueping) apinold —

wE_Bw>m u:ommucm__wn_o._m tmc__toum_:w:_c:wwu:m__mao._n_v__ow
ul JolAeyag ainjoedq pue swsiueyds|y abeweq jo bBuipuelsiapun |ejuswepung e apiAold —

:330 Aed yoleasay %

SI0JO|Al 19300y pI|OS
“9zAjeuy o0} yseoirddy wnnuuo)H snosuabowoH Buisn jo Aljiqes)ddy ay} pautuwusyaq —

suawoadg |eliajew-ig ul syoel) [e1oepajul jo dil ay) je siojoe A)sudjuj Ssal)g uo
yoyewsij [eldjely pue SSaJjs [enpisay JO S}9a)3 9y} aulwadleQ 03 anbjuyose) e padojeasq —

di] yoe1n ayy
JeapN spjoi4 uies}g pue wEmEm:ows_ abewe( uo 2In}oNJISOIDI JO S}O8NT Oy} paulwIB}Oq —

suonipuos Buipeo-]
Jualayig Japun azig yoeld _w;_c_ [ea13LID JuaIayu| 3y} 191paid 0} anbiuysa] e padojaasq —

9po9 19ndwion Jusawiad|gy
ajiul4 e uj J] pajesodioou] pue _mvos_ 9AIINJIISUOD J1JSB|B0ISIA JeduljuoN e padojoasg —

S|I9pOIN
Uymouo) yoeld ansijiqeqo.dd Eoucwamn w._Bm._maEm 1 pue juapuadag-ajey padojonaq —

ﬂ:mE:w__anoo,q mhmo> }sed %

| ;Emmmmm :c;u__om.._n_ 9JI7
92IAI9S puUe SOIUBYIIJ\ 94n)oeld /««




‘sosAjeuy
pue juawalinses|y oloep\ pue ool :yseoiddy onjewa)sAg —

‘24Nn3oNnd)g patake-i3n|A ul Judipels
Auadoud pue 3._8_9_& [el1a)e\l Juapuadag-awi] 10) JUNOIIY —

"UOIIBINWIS YIMOID) }IBIJ Ul 10IARYSY [ED0T 10} JUNOIIY —

"uoldIpald YIModo y}oelD UO J034 [BINJONIISOIDI 10} JUNOIIY —

‘alnjonu)g
mu_won_Eoo pue :m:ﬁms_ uonoung |jenq) jewdley oanbiun —

- 1Yo4easay Jo ssauanbiun .

;o._mmmmm :o;o:cm.i mp_._._

9DIAI9S puE SOJUBYDS aanpoely £ Y




‘INOOLS

ale 32104 11y 8y} o0} sbuiaes pajew}sa |ejo) ay] "siojow }ayo0l

pllos A Uejl] ul S309)9p Jo A}ijed1}iid 9y} SujuLIdjep 0} pasn
AjInjssa@2o9ns pue padojaAap uaa(q aAey eLId}ID 9oue}dadoy—

:A10}g ss@20Ng %

S r__o._mommm_ :o;o__om.._n_ mh:._
92IAI9G pue solueydd|) ainjoel «w



"SWId)SAs ajissiw 1aY}o Jo dji|

99JIAI8S 9y} Joipald 0} pasn aq [[Im pue suleab juejjadoud pijos

Al NVLLL JO 9}1] 921A19S 9Y) aUIWLIB)OP 0} pash AJoAISSa29Ns
uaaq sey ABojouysa) uonoipaid aji| 921A19S padueApe a9y | —

ruoneslddy«

BT H&muﬁw" i

| yo.Jeasay uoljoipaid a7
| 9JIAI9S pue solueyod\ ainjoeld 7

'] malaes weibold MEO



"SUOI}IpUO ) ainssald Buiuyuon pue ajey uien}s
JuaJajiq 4apun s)oel) LoYS JO YIMOoIL) JO JasuQ 3y} 10} SSaI)S
[eaniD ayj joipaidd 03} uoLidlLi) adojaAauzg alnjieq e padojprag—
| ‘Juejjado.id pijos e ul
9zIS )oelH _m_::_ [eonjLn ayj }oipald o3 anbiuyosa| e padojorag—
| "}199})43 ainssaid
m:_cs_o:_ [9POIN @AIIN}ISUO) Juspuadag-swi] e padojanag—
- ‘sudwioadg papuog |jeldjew-ig
Jo sasuodsay |elaje\l 9y} UO S}93))7 djey uleld}S paulwId}d(—

- "YIMol9) yoeas jJo
J9suQ ayj Joj di] yoedo ayj je sonsuvloeIey) abeweq [eand
uo sjooayg Aluadouad Jeliajejy pue A10)SIH peoT pauluLid}e—

"10IAeYdg
YIMOIS) }oeID UO 3094 _m:o_m:mE_Q 994y paulwid}og—

"}J09}))3 ainssaid
Buipnjouj ¢ _m_uos_ 9AlN}IIsuU0) Jusapuadapuj swi] e padojoreg—

:sjuawysidwodoy Juedyiubig sk

;o._mmwmm_ :o;o__o@._n_ mu:._
92IAI9S pue SoluUBYDIIN 94n)oedq



ojuswidadg

‘Auadoud jeriajew e si 9j
‘paJapIsSuod uonipuod buipeoj ayj 104

"8¢ Sl1 Uoijelnap piepuels ayj

‘pue $Z /L1 si sauolsiy Buipeoj Juaiayip
- Jopun sjeLiajew Jualayip 10} ymoub
}orI9D JO }J9SUO 3y} 10} ‘sanbiuyosl
Ael-x swiy-jeals Aq painseaw

‘o1 AjiIsuajul abewep jean3lio abelaae

oy} ‘pajebijsaAul jelidjew ayj 104
h\_.x&r\ﬁ\_\ _ \_\ e
ZLuswoadsg \_ \ﬁ\ . w

—\ a

—
«
spunod

/\ \ oLuswoeds

(43

vi

Sl ezl
A

~ -Apuadouiyd [euareyy pue A10jsiH Buipeo
0} 9AI}ISUSSU| SI YJMOIS) }9BID JO }OSUQ

A

A

oy} 4o} di] >0e1] 8y} Je UOBIPUOD [BIPUD YL LY

w



113

0 jou] Yo
90 S0 ¥0 X1} o 10 0
— 1]
& P 7 \\ﬁ\ﬁ\
) \\( s
| - A | &\\
\_v\ L _\\ d 5
: A /! 2 x \\\
bl i ) A
] / T /
Lt AN 174 o
A ] i b
w utess-aid ou yum g 2jdweg —| &._ \< ‘u\ —\ _w\\ m
o iei1S-01d %0T YW ¢ ojdwies — ! \\ 3
M5 w ujess-atd %0Z - £ ojdureg —— _ r\ v . g
sl v - o &
P 7
\x\\\\n.
VA
1ZECOONT

‘sayous G2°Z = yYibuaj ebeg ‘asenbs youl Z'Q = ('LXZ 0= e8Iy

01 '8 2 salduies LW

| ‘leliajew ayj Jo 10iAeYyaq

9AI}N}IISUOD BY} UO J0ayd Jueoayiubis e sey uiel}s-ald
| | ‘AjoA3oadsael
“ul/q| 86°Z pue "ul/q| 9/°g ale suswidads paulens

-a1d ay} pue uibiiA ay) 10} sanjeA [edbBajul-r |e2I1ILID dY]

mc:umc._ ayj} 0} dAINSUDSU| SI YIMOUD) Yoeln
JO }9SUQ 9y} é anjeA jedbBajul-r (e ayl

:J MaIA3) weaboid



€l

(%) utens

N

™y
-

My
—

i

I~
-
@

(%) utens

L3

jool
1

v joz+

/ : for1

1A j091

josi

/ _SN

Jozz

jove

—ch

(1sd) ssans

(1sd) ssang

) _m_._ﬁms_ mﬂ_manco
- 9)e|nanied paji4 AlybiH ayy ui dojanaqg uen

*S}09J9p Jo adA} ayj 0}
(oA1}ISUDS) DAIJISUDSUI
si (uonejelip

9WwiNJOA) sninpouwl

9y} ‘(sp1oA-0421W 10
S){9el19-0421W) S}09)9p

jo Jaquinu udAIb e 104

‘Snnpouw ul 8seaJldap
B Ul S}{nsaJ SuoiIpuo?d
Buipeoj jeixe-13jnw
lapun s)oe1o2-0421W

jo jJuswdojaasp ayl k

R R R Y N T T

, /
//

S)2eI20IDI ‘@anssald buiuyuod ybiH v ..mu:: €.... /%



(12

Isd y¥/1 u.o..:.wmohn_

"aoeLIns ainjoel}

yjoouws AjaAnejad e uil Buiyjnsau

‘@aoejins sajoiued Ja||i) ay)

Jeau pawLIoj ale s)yoeid04o1w
‘aanssaid 1sd 0001 19pun *

"?0eNS alnjoed}
ybnou e ui Bunynsau ‘sajoied
191} 9Y} punole pawlio} ale
SPIOA ‘aunssald juaiquie Japun %

DR T R A S

) 1sd 0001 03 JusIquiy woiy sabueys
4<0\HY  alnssald Buluyuon ayj uaym sabueyo apojy ainjied
9y} ‘uonipuosn Buipeo] ajey ulel}s jJuelsuo) y Japun

2

X
"
Y
1 3




142

1sd 000l = a4nssaid pauyuods . Judiquie = ainssaid pauyuod

"?oelins
9|o1ied ay) Jedu 9je}s ssal)s
uoisud} jeixeun) ybiy e saosnpul
9oepns 9jo1ied ayj Jeau
padojaAap julesysuod ybiy ayl %

momtsw m_o_tmn_
9y JedN padojoaa( aje)s ssaldlsS |eixeld | :m__._ Vv jey)

S|eaAdy uonipuon bHuipeo] [eixy-I} Nl I8pUN UOo}IeIdIU|
Salollied JO uonelnwig [eSLIdWNN [euoIsUdWI(d-994Y] Vv




Si

as v wo e 00 wo o

Ltso.a xo%.O jo ueac,o ey je .cna ommEmo. '
| , Kjjeixe

(‘u1) dig yoyoN woy aouelsiq
z0 _ :.mo — 800 900 700 200 %o ) m:_ﬁWO— 9 F—“—. uo ﬂcaccﬁnmc
A1ybiy s1 Ajisuajul abewep
ay) ‘uteays paijdde uaaib e 1o .

" ‘Ayjjeixe

Buipeo] ay} 0} dAI}IsuUasul si
auoz abewep Ajybiy ayj apisul
T Ajisuodjul abewep ayj ‘sisAjeue
——— - aBewep-o0iolW B UO paseq .

n
© [}
=] a
isysweled abeweq

"
~
i

(urupuy 0G) (ene urens payddy sweg ay) je jold abeweq

YIMOIS) )oeIS JO JoSUQ oY} 10§ Aysuaju| abeweq [eo13LD
3y} uo 309443 Jueayiubis ou sey Ayeixy Buipeo ayy

4



dij )oel1o ayj jo peaye
suonNqISIP ulel}s JUaIdYIP adnpui sainssaid BUIUUOD JUBIBYPIP dY L %

ININ £9°0 SI :o_mm._ ures}s ybiy ay3 Jo azis ayj yamo.db }oelo Jo }9suo ayj 3y xR

(-o1e8edoid 03 suLlS YORIO OU) USYM DL AY) SI SE/°0) S €£°0=SL C1/01 :] 1591 0] dunr ]

- -ojededo.d 01 $314BIS NORIO IY) UM SU Y S1 S/ T 1) S [€ 1=C/" 16 1593 JOJ Sl
ainssaid Bujuyuos 1sd gooL ( 3 |3 usy NaYSISLTI)S [€1=6L"C1/81 6 ) s,

ainssaid jusique

(1ex1d) @1eUIPI00D X pawLIoja(]

1sd 000} =04nssald ‘61591 )

0s 1*T4 0 T4 0G- Sl- 00L:
_ LR L — LI L L LA — [ L O
i @ee :
- d - m O e,
. 11 NoBID @ D) o -
-
[~ ] Z
_ i Q
— —€03
N ] £
1 1 ©
o -Hro g
_ - 3
i 1 =
— —s0
_ m.. aunsseld Jualquiy ‘L, 1s0) R | 90

UIMOIS) YIeI JO 19SUQ
oy} Je uoibay urens ybiH ayj Jo 9zIS ayj uo ,

}084)3 Juesyyiubig ou sey Ajljeixy Buipeo aylL /««N




[9A3J-0SaW aYy} uo uonnqlsip

uiel)s painseaw ay} sayojew

jey} uoijnjos |eosnjaloay)

ou si 319y} ‘pajehbiysaul
juejjodoid pijos ay} 104 %

‘|9A9]-0soWl
9y} Uuo sinds20 uonnqulsip
ulesys Jejnbaua A|ybiy e jey)

|eanal sBuipuy jejuswiiedxy %

‘T9AST-0S9INl 8Y) Uo uonnqulsiq urens
9y} uo O3y Jueallubis e sey 9in3ona3SoIIN /«

d"nj7 mapaes wesboid ) ,o




9

3 0
NS

awi Yyyim abueyo
Aew uoneosoj ainjie} 9yl «

‘lelddjew ayisodwod ajejnoijied
pajiy Alybry ayy ui uonngrysip
uiel}s ayj uo joayo jueayjubis

e sey a4njonJ}s-odoINl .

a

9w} uo juspuadaq Alybiy ase suonnquisiq uied}s aYyl LN
| ‘9]edg-0s3\ 9y} UO puk UOKIPUOY peoT] juejsuo) ke dapun /4
Y //n.m:_: Majaal Enac‘_m/ n,o ®




L

"SUOI}IPUOD

ainssaud Buiulyuod pue ajeu

uiel)s juaiajip Japun syoeis buoj pue
- Moys Joj spjoy uonenba aroqe oy *

€L0 000, o v o]l o6 \ M o
19°99 000} v 2 e 0

v00  Jusiquy v A\ \° A A
(,-uin) (1sd)

"ymoub y}oeuo

JO }9SUO0 3y} J0j SSa)S |BIIIID 3]

jJoipaud o) ‘sali0ay} solueyd9W ainjoely

pue [elsajew jo yjbuasys uo paseq
‘padojanap sem adojaaua ainjie} y =%

ajey uleng alnssald

}orelD JO }9SUQ 9Y] 10} S9SSaL)S [BOIIID POINSES|\
9} pue pajodlpald ay) usdamiaq S)six3 UOIJR[9II0) POOL) |

v

& '
/AH.:_._ maaas weibosd Yo




oL

o5 TISTO

14014 %3013 | BPOW eul4 pue 3Ie1] Japels BuIMoys 33es] paulau| SIXH-40 1-8 13pon
i

111 2po A Suneurupy

111 apoy Suneuruyyy

[ s

o wie)g

NoBID SIXB-JJO

S-5 boypas n ojel ymwmoub
oy v—u._EU Jeul] pus 3petl) a3y m:?o:mm_%n..nv pIUPPUL SXY-JO ¥ PPYIN x Omu- 0 m —v—ﬂ. mwo : Uwc— m : _ :»— :ﬂ
TP a0y :cc_.uc___”wu,” IPOL PIXIAL uoidas apows paxiy x umv— U m : _t— : u mu— :H_o mv—h. . m vo E

-paxiw jo jusawdojonsp ayl %

“Juouj Yoeld ayj buoje ainjoeuy

11l PO\ JO 22Ud]SIXd 9Y}

a)eolipul 9deuns ainjoel} ayj
uo umoys sbupjrew JaALl 9yl %*

| .._m_m:m m:m_n_ 1JUY pue
‘leaysg aue|d-u| ‘|eWION ‘SOpO|\ 24n}oei aaiy] .,

[1V S83npu| 39.l] SIXy-HO 943 30 Buluiny ayl /\.




6}

"Ymnouab yoeld JO }JOSuo a9y} 10} S9SSaI)S

[e2110 painsesw ay) pue pajoipald ay) usamiaq s)sixa Uole|aL109 poob v
- *A103s1y Buipeoj ayj

0} aAIIsuUasul si yymouab }orld JO J9suo ay} 4o} anjeA |esbajul-f |eonlid 8yl *
"ymoub yoeud Jo 3asuo ayj 1o} Ajisuajul

abewep 213119 3Y) UO }0949 Juedlyiubis ou sey Ajijeixe Buipeoj ay L%
| "awii} uo juapuadap Ajybiy ase suonnquiysip

urel}s ay} ‘sjeds-osaw 9y} UO pue UOKIPUOD PEO] JUBISUOD B JdpuUf *
‘leriajew ajisodwod ajejnaiyied paj|iy

Alyb1y ayy ui n_o_m>m_u ued s)oesds0491wW ‘ainssaad m:_cc:oo ybiy e Japun
"?oejins 3j213ded ayj} seau padojaasp
aje}ls ssad)s |eixel} ybiy e jeyj sjeanas uoiipuod Huipeoj jeixe-ijnw

Japun uoijoelajul sajonted jo uolje|nuwis |ed1IdWNU [EUOISUBWIP-33IY)} V %

‘Isd 000} 0} Juaiquie wody sabueyd ainssaid Buiuyuos ayj uaym
sobueyo apouw ainjie} ayj} ‘uoiipuod Buipeo| ajel uies3s JULISUOD B Japuf %

sSuUoIsSNjouo09H _«_«
A




